Abstract: The genus H)'olorhinocladiella was characterized by its simple conidiophores with conidiogenous cells that proliferate sympodially. However. recent studies revealed that the Hyalorhinocladiella anamorph of Ophiosloma ips has annellidic conidium development. The aim of this study was to determine whether other species in the genus share this characteristic. Conidium development was examined in the type species, Hya/orhinocladiella mirluta-bicolor, and in the Hyolorhinocladiella anamorph of Ophiosroma minus. Light and fluorescence microscopy indicated that conidia developed by sympodial proliferation. In contrast, scanning and transmission electron microscopy revealed distinct annellations on the conidiogenous cells. Conidium developmem'in Hyalorhi1locladie/Ja is therefore annellidic, and the appearance of sympodial development results from displacement of the long axis of the conidiogenous cell through percurrent proliferation. The circumscription of the genus Hyalorhinociadielia is therefore revised to include annellidic conidium development. 
Introduction
Cerarocysris Ellis & Haist. sensu lalO includes the genera Cerarocys/iopsis Upadhyay & Kendrick, Ophiosroma H. & P. Sydow, and Cera/ocysris sensu striclO (Weijman and Dc Hoog 1975; Upadhyay 1981; De Hoog and Scheffer 1984) . Species of Ceratocystiopsis are distinguished from the other two genera by their elongate, falcate ascospores that are attenuated at the ends and surrounded by a sheath (Upadhyay and Kendrick 1975; Upadhyay 1981) . Ophiosroma and Ceratocystis species have a variety of ascospore shapes, such as cucullate, cylindrical, ossiform, hat-and pillow-shaped (Hunt 1956; Griffin 1968; 01chowecki and Reid 1974; Upadhyay 1981 ).
Ceratocystis 5.S. is characterized by having Chalara (Corda) Rabenh. anamorphs (Weijman and De Hoog 1975; Upadhyay 1981; De Hoog and Scheffer 1984) , in which conidia develop through ring wall building (Minter et al. 1983; De Hoog and Scheffer 1984) . In contrast, Ophiosroma and Ceratoc)'stiopsishave anamorphs in which Eonidia develop through apical wall building (Minter et al. 1983) . These include genera such as Hyalorhinocladiella Upadhyay & Kendrick, Spororhrit Hekt. & Perkins, Leptographium Lagerberg & Mclin, and Graphium Corda (Wright and Cain 1961; Upadhyay and Kendrick 1975; Upadhyay 1981; Wingfield 1985) .
Since the publication of the classic paper of Hughes (1953) , anamorphic fungi have been distinguished by their mode of conidial development (Kendrick 1971) . This trend has been pronounced in the anamorphs of Ophiostoma (Upadhyay 1981; Mouton et al. 1994) . Ultimately, an excessive number of anamorph genera have been assigned to this teleomorph. Detailed examination of conidium development at the ultrastructural level in genera such-asLepiographium and Graphium showed that this number of genera can be substantially reduced (Wingfield 1985; Wingfield et aJ. 1991 ). Some of the major genera that would remain include Leprographium, Graphium, Sporothrix, and Hyalorhinocladiella (Mouton et al. 1994 ).
Cun;Jiulli J-.:\dUplH-':JJl \'\"a~:-'luuied ill uLlai! alll1c uiuaslIucturallevel in the first two genera (Wingfield 1985; Wingfield et al. 1991) but not in Sporolhrix and Hyalorhinocladiella. The anamorphof Ceratocystiopsis minuta-bico/nr(Davids.) Upadhyay & Kendrick was described as possessing "small, rod-shaped conidia carried in groups at the tips of hyphal branches or on short side branches of hyphae" (Davidson 1966) . Griffin (1968) could not determine the mode of conidium development in this fungusbut described the conidia as "unicellular, hyaline and ovate." The genus Hyalorhinocladiella was described by Upadhyay and Kendrick (1975) to accommodate the mycelial anamorph of Ceratocystiopsis minuta-bic%r. This genus was characterized by having "conidiogenous cells on simple. hyalineconidiophores, that proliferate sympodially, leaving !lat low-profile scars on the extending rachis" (Upadhyay 1981) .
The distinctionbetween the Hya/orhinockuJie//aandSporothrix anamorphs of Ophiostomais problematic(De Hoog 1993). Strictly speaking, the conidia of Sporothrix species have relativelynarrowbases and are produced on conidiogenous cells with distinct denticlcs. In contrast,the conidiogenous loci in Hya/orhinocJadiellaare nondenticulate (Upadhyay and Kendrick 1975 ) and the conidia have more broadly truncate bases.
Ophiosto/lla /Ilinus (Hedge.) H. & P. Syd. was first described as having "oval to elliptical conidia collecting in rounded masses on hyphae" (Hedgeock 1906). Rumbold (1936) confirmed the observations of Hedgcock (1906) and added that "conidia are pushed to the one side of the growing tip," suggesting sympodial development. Hun! (1956) described the anamorph of O. millus as having "conidiophores that sometimes arise from a brown stalk and form a brushlike mass of ramified hyphae somewhat resembling Leptographiu/ll sp." Upadhyay (1981) described the anamorph of O. m;lIus as a HyalorhirlOcladie//a sp. in which the conidiogenous cells proliferate sympodially (Upadhyay 1981) ,
In a recent study of conidium development in the purportedly Hyalorhilwcladiella anamorph of Ophiosto/ll(/ ips (Rumb.) Nannfeldt, conidia were shown to develop through percurren! proliferation (Benadc et al. 1995 
Results
Lightandfluorescence microscopy, as well asscanningelectron microscopy. of H. millwa-bic%r showed one-celled, hyaline, oblong to ellipsoidal conidia produced in an apparently sympodial manner (Figs. I, 2, 5). The conidia were apically rounded with truncatebases and possessed a basal, delimiting septum (Fig. 3) . Secondary conidia were formed from primary conidia, leaving ringlike scars at the basal septa (Fig. 4) . The presence of ringlike scars on the conidiogenous cells indicated that they proliferated percurrently (Figs. 5-7 ). Transmission electron micrographs of H. mhwta-bic%r confirmed that conidia develop throughenteroblastic pcrcurrent proliferation of the conidiogenous cells (Figs. 9, 10 ). This would be followed by holoblastic ontogeny. The conidiogenous cells can then also undergo angled or displaced proliferation (Figs. 7, 8) , lea\'ing denticlcs such as those found in Sporothrix.
Scanning and !luorescencc microscopy of the Hyalarhino; cladiella anamorph of O. minus showed simple conidiophores bearing conidiogenous cells that proliferate sympodially (Fig. 13) . TEM of sections through the conidiogenous cells of O. minus revealed distinct annellations along their lengths (Fig. 14) . Here, the conidiogenous cells undergo displaced or angled percurrent proliferation and extend in a geniculate fashion (Fig. 14) .
Discussion
In this study of conidium development in H. minuta-bicolor,
we demonstrated that conidia form through the percurrent proliferation of conidiogenous cells rather than through sympodial development as reported previously by Upadhyay and Kendrick (1975) . Similar observations were made for the so-called Hyalorhinocladiella anamorph of O. minus and in a previous study (Benade et al. 1995) of the anamorph of O. ips. \Ve concludethat the situation is similar to that in species of Graphium and Lep/ographium, in which delayed secession gives the appearance of sympodial developmenr in conidiogenous cells that proliferate percurrently (Wingfield 1985 (Wingfield , 1993 Van Wyk et al. 1988; Wingfield et al. 1991 The type of percurrent proliferation of conidiogenous cells in Hyalorhinocladiella provides a more clear-cut distinction between this genus and Sporo/hrix. The production of conidia in Sporo/hrix through sympodial proliferation is more clearly evident than in species of Hyalorhinocladiella, and in contrast with the conidia of species of Hyalorhinocladiella, those of species of Sporo/hrix are produced on peglike denticles. However, given that both genera are anamorphs of Ophios/oma, it is reasonable to expect that a continuum exists between the patterns of conidial development in Hyalorhinocladiella and Sporo/hrix. Indeed, in some cases the anamorphof O. minus produced denticulate conidiogenous cells. This occurred through an extended period of proliferation that displaced the long axis of the conidiogenous cells. These differences are illustrated in a schematic representation of conidium development in H. minuta-bic%r and the anamorph of O. minus (Fig. 15) .
Conidium development in Hyalorhinoc/adiella is virtually identical to that found in Lep/ographium and Graphium, and the difference between these genera is in the morphology of the conidiophores. Graphium is typified by s)'nnematal conidiophores and Leprographium by macronematous and mononematous conidiophores, whereas those of Hya/or-''" , ., '" " ,~l hinocladiella are micronematous and mycelial in na~ire I (Upadhyay 1981 ).
. ;
The similarity between Hyalorhinocladiella and SporO/hrix suggests that careful examination is necessary to distinguish these genera. The presence or absence of distinct denticlesis perhaps the most useful character at the light microscope level. Anamorphs of Ophios/oma thought to belong to these genera deserve re-examination. Amongst these, many species
of Graphium and some species of Leptographium apparently ha\'(' Spu'urhrfx~ynanamurphs. Gj\'~n ihl.: result::. of this study, it would not be surprising to find that some of these would be better accommodated in Hyalorhillocladiella.
